Introduction
For several years, knowledge of the Alpha Persei cluster (Mel 20) , α = 3 h 20. m 6, δ = +48
• 10 (J2000), was based on the UBV study of Mitchell (1960) and the spectral classifications of Morgan et al. (1972) and Abt (1978) . These authors used the member selection of Heckmann et al. (1956) and the mainsequence faintest limit was V = 11.7. Because it is a nearby cluster, d = 190 pc, (Robichon et al. 1999) , younger than the Pleiades and it contains the F-type supergiant α Persei, Mel 20 is an interesting cluster. Makarov (2006) provides a review of recent literature and a list of 139 members selected on astrometric criteria.
The proper-motion study by Stauffer et al. (1989) permitted him to identify about 30 new low-mass members. UBVRI photometry and radial velocities confirmed the membership of most selected stars. The extensive studies of Prosser (1992 Prosser ( , 1994 , based on proper motions, photometry, and radial velocities (in most cases only one per star) resulted in the detection of a well-populated, lower main sequence. More recently, Deacon & Hambly (2004) measured new proper motions on Schmidt based on observations collected at the Haute-Provence Observatory (France). Table 5 is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/488/409 plates with the SuperCOSMOS facility and published membership probabilities for 302 stars in the magnitude interval 11 < R < 17.5, as well as for some 90 AP stars numbered by Prosser (1992 Prosser ( , 1994 . The Alpha Persei cluster is now a very interesting nearby open cluster with a well-defined main sequence known over a range of magnitudes similar to that of the Pleiades. In addition its distance was determined to a good accuracy from Hipparcos observations (Robichon et al. 1999; van Leeuwen 1999) .
Several studies were devoted to the photometric observations of solar-type stars to derive rotational periods from the photometric light curves, by Prosser et al. (1993a Prosser et al. ( ,b, 1995 , Prosser & Grankin (1997) , O'Dell & Cameron (1993) , O'Dell et al. (1997) , Bouvier (1996), and Messina (2001) . In total, 94 period determinations for 66 different stars were obtained, providing basic data to study the evolution of rotational velocities and comparing the distribution with those of the Pleiades and younger clusters.
The lower main sequence was investigated by Barrado y Navascués et al. (2002) who searched for brown dwarfs from JHK photometry and determined the mass function. Lodieu et al. (2005) used R c I c K photometry to further look for brown dwarfs. They provided a list of 20 additional candidates.
The X-ray observations with the ROSAT satellite, analysed by Randich et al. (1996) and Prosser et al. (1996 Prosser et al. ( , 1998a confirmed the membership of many low-mass stars and permitted them to discover new candidates.
Article published by EDP Sciences
The first comprehensive study of the duplicity of the bright B-and A-type stars was published by Petrie & Heard (1969) , but the number of radial-velocity measurements did not permit them to compute any orbit. The work was taken up again by Morrel & Abt (1992) , who observed 28 of the brightest stars and found only 4 spectroscopic binaries, with periods between 21 and 30 days.
We undertook in 1982 a survey of the solar-type stars in the Alpha Persei cluster as part of our systematic survey of the nearby clusters. But due to the proximity of the Pleiades in the sky and the fact that we gave a higher priority to the latter, the observations of Alpha Persei stars did not progress as fast as desired and we consequently got a smaller number of observations per star.
The main goal was to obtain radial velocities to identify the cluster members, study the binarity, and determine the binary frequency, and also to measure rotational velocities. The observations were more difficult that in the Pleiades due to the larger rotation of the F5/F6 stars in Alpha Persei. Therefore, our study is limited to the sample of stars which could be observed with CORAVEL.
Observations

The sample
The initial observing programme included 59 F5 -K0 candidates selected on the basis of the UBV photometry published by Mitchell (1960) . His selection was based on proper-motion membership from Heckmann et al. (1956) . The original limiting magnitude was B = 12.5. In 1989, 18 stars were added to this sample, but only a small number of observations were finally obtained for these stars. Twenty-three F5-F6 stars did not produce any correlation dip because their rotational velocities are larger than about 45 km s −1 , as is expected for mid-F stars in a young cluster of the age of Alpha Persei. The star He 1000 was observed due to an error on the identification map.
In 1996−1997, 53 additional stars from Prosser's (1992) membership list, as revised by Stauffer et al. (1993) , were selected and observed with the ELODIE spectrograph (Baranne et al. 1996) to determine rotational velocities. Stars with only upper limit on V sin i in the literature, i.e. V sin i < 10 km s −1 , were primarily selected for this program. The V sin i data are analysed in a separate paper (Bouvier et al. 2008 ).
Coravel observations
The observations were obtained with the CORAVEL radialvelocity scanner (Baranne et al. 1979 ) installed on the 1-m Swiss telescope at the Haute-Provence Observatory (OHP) for stars later than spectral type F5 and brighter than B = 12.5. Between November 1982 and December 1994, four to six observations per star were obtained. Binaries were observed more often to derive orbital elements. From July 1989 on, 18 additional stars were added to the sample and observed. One to four observations were obtained.
The radial velocities are on the system defined by Udry et al. (1999) from high-precision radial-velocities obtained with the ELODIE spectrograph. This calibration corrects for most systematic effects of the CORAVEL system. The integration times ranged from about 200 to as much as 1500 s, the average being about 400 s. The errors on well-exposed individual measurements are usually smaller than 0.5 km s −1 . However, for a few stars with larger rotation (V sin i ∼ 30 km s −1 ) the errors may reach 2 km s −1 , depending on the width of the correlation function. No corrections for gravitational redshift or convective blueshift have been applied to the observations. General information and mean radial velocities for the members (Table 1) and non-members (Table 2 ) are presented separately. Both tables give the identification of Heckmann et al. (1956) . A few stars were observed with ELODIE only: He 389, 1101, and 1234 in Table 1 and He 600, 1032, 1086 and 1110 in Table 2 .
CORAVEL individual radial velocities will be published in the final catalogue containing 7200 observations for 1253 solartype dwarfs in 13 nearby clusters (Mermilliod et al. 2008a ).
Elodie observations
The observations were obtained with the fiber-fed echelle spectrograph ELODIE (Baranne et al. 1996) at the Haute-Provence Observatory 193 cm telescope during the 1996−1997 season. The echelle spectra are recorded on a 1024 × 1024 CCD and the cross-correlation functions are computed by an automatic reduction procedure carried out directly after the observations using a K0 template. The precision of these observations is estimated to be 0.15 km s −1 due to photon noise. 
Results
Membership
The determination of the membership of the stars in the field of the Alpha Persei moving cluster is more difficult than in the cases of the Pleiades or Praesepe, although the Alpha Persei cluster is also a nearby aggregate. The location within the MS band is a necessary but not sufficient criterion of membership, because the bright field stars overlap with the cluster's main sequence (MS) within the domain of magnitude under study, as shown by Fig. 4 of Prosser (1992) . Some of the members selected on the basis of their proper motions or radial velocities are clearly located outside the MS band and should be rejected from the membership. Membership to the cluster should be accepted only if the three criteria are satisfied.
Radial velocities are necessary but not sufficient to determine the membership of the stars in the cluster field, contrary to what we experienced in other clusters. Although the distribution of the radial velocities of the program stars has a well-defined maximum ( Fig. 1) , there is a continuum of velocities between −10 and +10 km s −1 , and the membership determination is not obvious based on radial velocity only. In addition, small differences around the mean cluster velocity cannot be automatically interpreted as non-membership because of the possible presence of unresolved binaries.
The diameter of the area studied across the sky reaches 6
• and the change of the projection of the space velocity on the line of sight produces a velocity gradient over the cluster. This effect is several times larger than the expected internal velocity dispersion. The gradient is readily computed. The space velocity is given by V s = V r (r) + kμd where V r is the radial Heckmann et al. (1956) ; the V, (B−V), (V −I) K and (U − B) photometry from WEBDA or Prosser et al. (1996 Prosser et al. ( , 1998a ; Sp.T.: MK spectral type; μ α , μ δ : UCAC2 proper motions, Prob: membership probabilities of Fresneau (1980) ; V r : the mean radial velocities; : error on the mean; n: number of observations; ΔT : time interval of the observations; P(χ 2 ): probability P(χ 2 ); Vr litt : radial velocities from Stauffer et al. (1985 Stauffer et al. ( , 1989 or Prosser (1992 Prosser ( , 1994 ; N: number of spectra; Astr: astrometric radial velocity (Makarov 2006) ; Diff: difference with the observed radial velocity. Notes: remarks on duplicity and membership (SB: spectroscopic binary, SB2: double-lined binary; SB2O: double-lined binary with an orbit; dbl: photometric binary). velocity in km s −1 , k is the usual conversion factor (k = 4.738), μ is the absolute proper motion in arcseconds per year, and d is the distance in parsecs. The values adopted here are: V r = −1.39 km s −1 , μ = 0.03416 yr −1 and d = 185 pc. These numbers give a space velocity of +29.83 km s −1 and an angle at the cluster centre between the space and radial velocities of λ = 92
• 40. The radial velocity gradient is given by dV r = −V s dλ sin λ where dλ is the angular diameter of the cluster (taken here as 6
• ). This leads to a radial-velocity difference of 3.12 km s −1 across the cluster area. Therefore, we also had to rely on UCAC2 proper motions (Zacharias et al. 2004 ) to finalise the selection. Hipparcos mean proper motion for Alpha Persei is μ α cos δ = +22.93 mas yr −1 and μ δ = −25.56 mas yr −1 (Robichon et al. 1999) . These values are close to the mean values derived from UCAC2 data for 17 non-binary members: μ α cos δ = +22.3 ± 1.1 (rms) mas yr −1 and μ δ = −25.4 ± 2.1 mas yr −1 and to those computed from Tycho-2 from the same 17 stars: μ α cos δ = +21.6 ± 2.7 (rms) mas yr −1 and μ δ = −25.3 ± 2.7 mas yr −1 . Proper motion for He 462 is taken from TYCHO-2 catalogue (Hog et al. 2000) .
The general agreement of the TYCHO-2 and UCAC2 proper motions is good. However, in the region of Alpha Persei, the UCAC2 proper motions are better than those of TYCHO-2 for μ α because the UCAC2 dispersion given above is 2.5 times smaller than that of TYCHO-2. The improvement is evident in a vector-point diagram. The μ δ are also slighty better, although the UCAC2 proper motions show a larger dispersion on μ δ than on μ α . Half of the spectroscopic and photometric binaries show discrepant proper motions, viz., He 12, 174, 338 859, 988, 992, 1144 He 12, 174, 338 859, 988, 992, , 1234 ,while their radial velocities support membership and they are normally located within the MS band. These stars are represented by crosses in Fig. 2 . Determination of their systemic velocities and reexamination of their proper motions would be necessary to better constrain their membership.
Stars with radial velocities comprised in the interval −5.0 to +5.0 km s −1 were selected in the first step, then their proper motions were plotted in a (μ α cos δ, μ δ ) diagram (Fig. 2) . Finally, Table 1 . "cmd" means that the star is judged non-member from its position in the (V, B − V) colour−magnitude diagrams. stars located within the MS band, obtained for E(B−V) = 0.09, a value derived from photoelectric UBV data (Meynet et al. 1993) and m − M = 6.60 were retained as members.
The selection of cluster members made on the basis of the proper motions and radial velocities is confirmed by the two colour−magnitude diagrams, V vs. B−V (Fig. 3) and V vs. V −I K (Fig. 4) . Black dots represent the members and open circles, non-members. These two plots show that the selection based on the UBV photoelectric data (stars brighter than V = 11.5, i.e. CORAVEL sample) contains a large fraction of non-members, while the selection for ELODIE, based on photometry, proper motion and radial velocities is much cleaner. The main sequence of Alpha Persei is well defined. The (V, V −I K ) sequence presents more scatter than the (V, B − V) plane because the (V − I K ) index is more sensitive than (B − V) to the presence of late-type companions, which emit more in the I band.
The final selection corresponds to proper motions within 2σ of the mean value, with the notable exception of the above mentionned binaries, which have proper motions outside this limit. Orbital periods are not known and we therefore cannot decide if the orbital motion altered the proper-motion determination or not.
Members
The final selection of members and candidate members is listed in Table 1 . The proper motions from the UCAC2 catalogue (Zacharias et al. 2004 ) support the membership of several stars for which Fresneau's (1980) membership probability is zero, as for example stars He 334, 453. A few stars deserve additional comments.
Stars He 299, 828, and 1086 are located about 0.15−0.20 mag below the main sequence, but their proper motions and radial velocities are in good agreement with the cluster mean values. The depth effect could explain their position. A radius of 10 pc produces a maximum difference on the individual distance modulus of 0.12 mag, which is close to the size of the observed scatter around the main sequence.
Star He 863 has only one CORAVEL radial-velocity observation, at −23 km s −1 and three from Petrie & Heard (1969) at −13, −12 and +5 km s −1 . It is considered as a probable member because the proper motion supports its membership. Its position in the colour−magnitude diagram implies that it is either a double, or even a triple, system or a non-member. Further observations will be necessary to ascertain its membership.
Four stars, He 135, 309, 334 and 98, have radial velocities slightly differing from the mean value for the cluster. The first one, He 135, is about 0.3 mag above the ZAMS and the difference between CORAVEL and literature values may support its binary character. Additional observations would be useful. Two, He 309 and 334, are located on the "single" star sequence and the CORAVEL and literature velocities are in good agreement. Finally, He 988 is clearly a photometrically-detected binary located about 0.6 mag above the ZAMS. Several stars in the Pleiades (Mermilliod et al. 1992 ) and Praesepe (Mermilliod & Mayor 1999) were also considered to be binary members from their position within the MS band, although no radial-velocity variability was observed. Only an upper limit for the X-ray flux of He 988 is available, log L x < 28.85 . The star He 1144 is considered to be a binary star because one ELODIE observation at V r = −6.6 km s −1 differs by 16.3 km s −1 from that of Prosser (1992) , +9.7 km s −1 . It lies on the "single" star sequence. Two stars (AP 173 and 213) were detected as double-lined binaries from one ELODIE observation. The present list of members agrees well with the membership determinations published by Stauffer et al. (1985) and Prosser (1992) . Differences concern stars detected as new binaries.
Non-members
Parameters for stars judged non-members are listed in Table 2 . The format is similar to that of Table 1 . Most stars are clearly non-members on the basis of their radial velocities. Star He 1000 was observed due to an error on the identification map.
Four stars (He 457, 538, 600, 1110) have radial velocities that could support their membership, but are located more than 0.3 mag below the main sequence in Fig. 3 , (open squares) and their proper motions differ notably from the cluster mean motion. Accordingly, they are declared non-members. This is indicated by the comment "cmd" in Table 2 . They seem to be at larger distances, but share the apparent motion of the cluster and could be outer members of the moving cluster. He 573 is also rejected from membership on the basis of its proper motion. It could be a binary according to the difference between the literature and CORAVEL observations, which corresponds to its location in the V, B − V colour−magnitude diagram.
He 615 deserves a special note. It was suggested by Prosser because it was detected in X-ray. However neither the proper motion nor the photometry clearly supported its membership. The present radial velocities are also against membership. Prosser obtained two observations at −37. and −20 km s −1 about one year apart (Julian dates not known) and suspected this star was a binary. Our three observations confirm the binarity.
The fact that a few stars have membership probabilities larger than 90%, but have radial velocities or a position in the colour−magnitude diagrams in disagreement with membership stresses again that all three criteria are necessary to constrain the membership of stars to open clusters. 
AP-numbered stars
Because a selection of best candidate members was applied to form the sample, most stars labelled AP are probably bona fide members. The ELODIE radial velocities are, in most cases, in very good agreement with those published by Stauffer et al. (1985) and Prosser (1992 Prosser ( , 1994 . As discussed in Sect. 3.1, the exact limit beyond which a star can be classified as non-member with certainty is a bit fuzzy.
A difference of several km s −1 have been found for AP 75, 97, 156 and these stars are strongly suspected of being spectroscopic binaries. Stars AP 173, 200 and 213 happen to be doublelined binaries. Due to the small number of observations available, the detection of binaries is most probably incomplete and the AP-numbered stars will not be included in the discussion of binary frequency. The membership of a few stars can be questioned on the basis of these results: AP 168, 194, 206 , and 252 are most probably non-members of the central cluster, according to the discussion made for the brighter stars. AP 89, 121, and 255 are possible non-members.
Spectroscopic binaries
Eleven, possibly twelve, spectroscopic binaries were detected among the sample selected from Heckmann et al. (1956) catalogue (Table 1) . This results in a minimum frequency of 32%. This value can be compared to the frequencies obtained in the central part of the Pleiades, 11/88 = 13%, for P < 1000. d (Mermilliod et al. 1992) ; Praesepe, 16/80 = 20% (Mermilliod & Mayor 1999) ; and in Coma Berenices, 7/32 = 22% (Mermilliod et al. 2008c) . Only one orbit could be determined, for the doublelined binary He 848 (Fig. 5) . The orbital elements are given in Table 4 . The binary frequency may be revised to a lower level if some of the binaries with deviating proper motions proved to be non-members.
Among the 29 stars classified as non-members, five, perhaps six, are binaries and two orbits were determined for He 143 and He 457 and are presented in Figs. 6 and 7. The orbital elements are also given in Table 4 . The proper motions indicate that both stars are non-members. The systemic velocity of He 143 differ by 6.53 km s −1 from the mean cluster velocity and it lies close to the binary ridge 0.75 mag above the main sequence although it is a SB1. The expected secondary has not been observed. The systemic velocity of He 457 differs from the cluster mean value by only 2.02 km s −1 , but it is located below the ZAMS. Hence, for both stars, none of the three criteria is fully satisfied.
Star He 1187, a double-lined binary, deserves a specific comment. Although orbital elements cannot be determined with the available observations, even with the help of published radial velocities, the systemic velocity and mass ratio can nevertheless be computed according to the method designed by Wilson (1941) . The pairs of velocities u n , v n from several spectra define a straight line with a negative slope in the u, v plane. This slope corresponds to the mass ratio M B /M A , since is equal to 0.95 and the systemic velocity is +15.7 km s −1 . This system is therefore classified as non-member.
Cluster mean velocity
With the 23 stars with constant velocities and the systemic velocity of He 848, we obtain a value of −1.27 ± 0.23 km s −1 (s.e. of the mean), with a rms = 1.08 km s −1 for the mean velocity of the Alpha Persei cluster. If stars He 135, 309, 334, 361, and 988 are omitted at the level of 2σ, the mean velocity becomes −1.39 ± 0.17 km s −1 (s.e. of the mean), with an observed rms = 0.70 km s −1 for 18 stars. The mean velocity is not much affected, but the velocity dispersion is evidently reduced. The values of the velocity dispersion is in agreement with the upper limit of 1.1 km s −1 determined by Makarov (2006) from proper motions.
Our mean velocity is in agreement with the value published by Stauffer et al.(1993) , ∼−2 km s −1 . It confirms, if necessary, the membership of the F5Ib supergiant α Per itself, V r = −2.04 ± 0.05, based on 106 measurements (Mermilliod et al. 2008b ). The difference, (−1.27)−(−2.04) = 0.77 km s −1 can be interpreted as due to the difference in gravitational redshift between the dwarfs and the supergiant because the fixed mask in CORAVEL makes no allowance for the change in gravitational redshift for stars of various luminosity classes. In velocity unit, the gravitational redshift is given by
with M and R in solar unit. Following Nordström et al. (1997) , we have M/R ∼ 0.9 for the G dwarfs. We computed RV g ∼ 0.05 for the supergiant α Per. The difference is then ∼0.85, close to the observed value. Makarov (2006) published a kinematical study of the open cluster Alpha Persei and computed astrometric radial velocities. His results for the members of the Alpha Persei cluster are reproduced in the column (Astr) in Table 1 . Differences with the observed radial velocities are given in column (Diff). For stars not flagged as binaries, these differences vary from −0.24 to 6.61 km s −1 , with a mean value of 3.67 ± 1.48 km s −1 . The gravitational redshift is less than 1 km s −1 as computed in Sect. 3.3 and cannot account for this difference. The astrometric radial velocities are sensitive to the exact position of the convergent point as discussed by Makarov (2006) .
Comparison with astrometric radial velocities
Colour-magnitude diagram
The V, B − V colour-magnitude diagram (Fig. 8) of the cluster members selected from Tables 1 and 3 presents a main sequence well-defined by the single members (filled circles). Several spectroscopic single-lined binaries (open circles) are closely located on the single-star locus (He 12, 859, 684, 1185, 1144, AP 97 and 75) , while three are clearly above this locus (He 863, 794 and 453). Double-lined binaries (filled squares) are well above the ZAMS as expected (He 848, 1234, 992, AP 213) . Finally, five stars are clearly members according to their kinematical data, but are located above the single-star sequence (He 988, 338, 660, 174, AP 197) . They are therefore considered photometric binaries (filled triangles) and are identified by the remark "dbl" in the last column of Table 1 . A number of stars from Table 3 are missing in this diagram because the B − V colour indices are not available. 
Conclusions
The original list of candidate stars for the study of the Alpha Persei cluster was based on the photometric membership derived from the analysis of the (V, B − V) colour−magnitude diagram. Refined membership criteria based on radial-velocity observations and available proper motions showed that nearly half of the stars located within the MS band are in fact nonmembers. After a very severe selection, the final set of cluster members shows very similar kinematical characteristics and define a tight main sequence in the colour−magnitude diagrams. The membership of 28 stars has been confirmed and further 9 stars are strong candidate members. Depth effects may be visible in the (V, B − V) colour−magnitude diagram, but are less evident in (V, V − I).
Our selection was compared with the membership results of Prosser (1992 Prosser ( , 1994 ) based on radial velocities, lithium presence and Hα emission and is found in very good agreement. The larger number of radial velocities obtained with CORAVEL permitted us to solve a number of ambiguities, mostly concerning suspected binaries. The selection of cluster members in the Alpha Persei cluster proved to be more delicate than in the Pleiades and Praesepe clusters for which radial velocities show less dispersion and offer a better clear-cut membership criterion.
It should be stressed that the area covered by the Heckmann et al. (1956) original study is not centered on the cluster centre, but on the brightest star, α Persei itself, which is somewhat at the border of the cluster core. Therefore the south and east parts of the cluster area are not completely surveyed. The present percentage of binaries may be biaised.
Due to the way the catalogue of cluster members has been established in the Alpha Persei cluster, from proper motions, radial velocities, photometry, X-ray fluxes, spectroscopic criteria on lithium and Hα emission over various areas and to different limiting magnitudes, conclusions on the cluster size and luminosity function are beyond the scope of the present paper. Additional observations would be necessary to form a more complete and representative sample and to settle the remaining cases with ambiguous membership.
